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HIGH ACCURACY - STRICT 






E| af ADHERENCE TO SPECIFICATIONS - LONG 
4 =f SERVICE UNDER SEVERE CONDITIONS 
Sj Et EXCELLENT APPEARANCE - MODERN 
=| > DESIGN - PRECISION WORKMANSHIP 
= =q These are the accepted characteristics of a 
Sj good laboratory instrument .. . naturally, you 
=a find them all in TAG Thermometers, Hydrom- 
eters and Petroleum Testing Equipment. 
Additionally, TAG Instruments create that 


indefinable sense of confidence which makes 
one piece of equipment preferred to another. 
Literally, it is the result of years of experience 
and a sure knowledge of instrument making. 
Thus, the TAG mark on laboratory testing 
equipment has become a recognized symbol 
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1100-1 





of excellence. 
copy of Catalog 


Send for your free 

which describes TAG Laboratory Thermometers 
and Hydrometers. Catalog 699-1 concerning 
Petroleum Testing Equipment, is also available 
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| TEAR UP A $IOO BILL 








E’RE on thin ice,’’ said the 
President to the plant man- 
ager. ‘‘We've got to show a better 
profit. We can’t increase prices. So 
that’s a challenge to cut production 


costs. 


The plant manager called his staff 
gether and asked for suggestions. 
One man spoke up, ‘I'd like to call 
...’’ The plant manager agreed. 
Next morning an engineer arrived 
ade a survey of processes where 
mperature, pressure, or humidity 
iyed a part. Then he went to the 
int manager's office. 
\s an expert on these matters,”’ 
said, ‘‘I’d say you're losing $5000 
rough lack of temperature con- 
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trol. You might as well tear up a 
hundred-dollar bill every Monday. 
But here’s what you can do...”’ 


matie Controls can insure the uniforn 
of your product .can reduce 
and speed production 

Write today for a Taylor man t 
a similar free survey in your plant. 
obligation of course. Taylor lh 
dent again sent for the plant oO ; ‘las : ; aE se id 
manager. *‘Congratulations!”’ he ex- Reitais “% z mgr an. Ltd 
claimed. ‘‘That Taylor Temperature 
System you installed is already cut- 
ting production costs.”’ 


His recommendations were fol- 
lowed. Six months later, the Presi- 
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j Recording Controlling 
problems of } 


TEMPERATURE, PRESSURE, FLOW 
and LEVEL INSTRUMENTS 


terial and labor costs. 


vou how to attack the one cost which yo 
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ean reduce— operating cost. Taylor Auto- 











SPECIAL RESISTORS 
jr SPECIAL JOBS... 





@ Nine times out of ten you will find just the 
resistor you need listed in our loose-leaf cata- 
log sheets. But that tenth time, when your 
exact requirements are not met by standard 
items, we are ready to collaborate in the devel- 
opment of that special resistor. Here, for ex- 
ample, are typical resistor developments for 
meeting unusual requirements: 


1 Plug-in precision resis- 5 Flat non-inductive bake- 
® tor for ready inter- * lite-core cement-coated 
change of resistance low-wattage resistor. 

values 6 Mica-support resistor 

® handling considerable 

vy) Semi-precision bobbin- wattage, for highly con- 
® type resistor centrated heat. 


7 Fibre-glass power resis- 
Another semi-precision ® tor for current-limiting 
* bobbin-type resistor applications in automo- 

bile electrical systems. 


Typical rrecision strip . 
4. _— I I 8 Square ceramic-core en- 
* 


resist > 0 tol ° 
resistor, made to toler amel-insulated semi - 
ances as ciose as one precision resistor tor 
half of one per cent if use in iirplane fuel 
requires gauges 
- t4] va Wn l- a7] lard he 
Uncataloged, unstocked, non-standard, these 


resistors nevertheless are availahle when and 


17 
quirements call tor them 


Submit Your Problem... 


Submit your resistance control problem for our 

engineering collaboration Specifications, quotations, 

samples, cheerfully submitted to responsible parties 

And | ire you have 1 se-le engineering data 
ur working library 


285-287 NORTH SIXTH STREET 
BROOKLYN, NEW VORK, U.S.A. 


* OFFICES IN PRINCIPAL CITIES © 
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EDITORIAL COMMENT 


NEW INSTRUMENTS 


FURNACE ATMOSPHERE CONTROI 
Gene ratiol in | Lut matizZe d pel itiOl 
By H. M. Webb 


SYNCHRONISM INDICATOR 
Cath dk ray Type 


PHYSICAL PROCESSES AT THE POINT 
WHERE HARDNESS IS TESTED 
By S. R. Will 


MANUFACTURERS’ NEW LITERATURE _ (1 
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RIAL COMMENT 


Laboratory” and “Plant” Instruments 


I—Non-stop Flight from Lab to Shep 


examine 





11i—The Long Flight and Its Fascination 


Ii—W here the Hop is Short and Significant 


1¥V—Manv Routes from Lab to Plant 














MOELLER 
PRECISION GRADE 
INSTRUMENTS 
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HYGROMETERS 
ORDING PSYCHROMETERS 
HYDROMETERS 


MARINE INSTRUMENTS. ETC 


MOELLER 
INSTRUMENT 
—=COM PANY 


132nd STREET and 89th AVENUE 
NEW YORK 


RICHMOND HILL 


> 
Sales Representatives im 


Principal Cities 





THE MONTH'S NEW 
INSTRUMENTS 


f nt we strive to report each month ALL th new devices for measu 
ting, metering and sutomatic contre n th form f oncise technica 
When writing to manufacturers directly, please mention this department as your 
Or write to Information Section, Instruments Publishing Company 
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Distilled Water and 


Condensate Checker 


High Speed Pyrometer 


Recorder 


Insulation Tester 





Vacuum Thermocouples 
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You need the 
ELECTRONIC 
SWITCH... 








@ Multiply several fold the useful- 
ness of your cathode-ray oscillo- 
graph with the DuMont Type 185 
Electronic Switch! 


This handy, portable, moderate- 
cost instrument provides a switch- 
ing-rate variable from 6 to 2000 
times per second. Also operates as 
square-wave generator over fre- 
juency-range from 60 to 400 cycles 
per second. Here are typical uses: 





iMont 


Write for DATA... 





ible Address: Wespexlin, New York 
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Rheostats With Coarse and 


Fine Adjustments 


Null or Deflection Method 


Thermoelectric Pyrometer 


DEFLECTION POTENTIONE TER 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level. flow and other 
factors as applied to industrial 
processes. Responds to changes 


quickly.without overtravel or hunt- 


ne. Ask for Bulletin No. LO] 


Combustion Control that is simp 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 


No. 102. 


Boiler Meters 


for recording 





combustion 
conditions and 
euliding boiler operatol S. Deser ibed 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gaves are avail- 
able with anv number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell on diaphragm ( 


struction. 


Flow Meters for indi- 


cating, rec ording and 





inte rratin the flow ot 
steam, water. sewage, 
air. gas and other fluids. Bulletins 


No. 39 and 300 


Recorders for pressure, temper- 
ature, drafts. liquid level and othe 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 








Electric Stopwatch 


Portable Pyrometers 
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Recording Plastometer—based on the dyna 
mometer principle and practically weigh 
ing the plasticity of the different materials 
Measures consistency over a wide range of 
natertals—trom tairly viscous, syrupy sub 
stances ¢ vulcanized rubber. Has been 


ipplried iccesstully in RESEARCH as well 
s in PLANT CONTROL (for continuous 


peratior in the following industries 


RUBBER CELLULOID — ARTIFICIAL SILK - 

PHOTOFILM—ACTIVATED CARBON—PAINT 

FERTILIZER—STARCH—DEXTRIN AND GLUE 
p 





TAR—ASPHALT—As well as for TESTING OF 
DILS for Highway Building 

Can be supplied with various types of mixers 
igitatcors—all water jacketed for efficient 
nperature control. Has three different sen 
sitivity settings and can measure and record 
sithin each desired inge with three times 
nd five times ncreased sensitivity by the 

\ 

xpedient f zero-suppression y 

Pamp/ n R st , fixt 


( BRABENDER CORPORATION 


ROCHELLE PARK, N. J 











Refrigerator Controls 























THERMOSTATIC tye . 
STEAM VALVE 
Exposure Meter 
tic M hotaal 
ais 1 
. 4 

| vot PACKLESS "2,220,188 signed. by Gorham, onespieee pl 

FULLY BALANCED peed ratings are from 0.3 to 800 
| r 2° Differential—5 Types ‘ : ; 7 ae - . is : oe di 
ene gp tage THOMAS A. EDISON, INC. ee ee ee 
Vinneapolis 47 Lakeside Ave., West Orange, N. J. scree , nele of lieht acceptat 
. jth Ave Send for New Catalog to that in camer lens DeJur-Ams 

VJ ( 1] N ltor Conn 
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Smoke Density Indicator 
OISTURE CONTROL and Alarm 


with the a 


Moisture Teller 















SALTS 
SANDS 
PULPS 
CERAMICS 
SOILS 
TEXTILES MAINTAINING PROPER DRAFI 
CHEMICALS bet 20 that is relat y a simple job once a Ha 
FEEDS mceeds a 7 | Tks. iaaiieaigahe alia“ 
. ff 
bu 
HAYS ORIGINATED and perf 
fi Agpiayy ar eater 


' ny 
acaae and today Hays Draft 
are standard equipment 


of the nation’s boiler room 
, ( . ( HAYS DRAFT GAGES are offered 
RAPID AND ACCURATE MOISTURE n a wide variety of types from the 
V-type, illustrated above, to record 


TEST BY DRYING Ring etiagy Tage gph Sea 


’ . day. Write to 925 Eighth Aver 
* Phosphate Comparator Set Milchiben Clip: indians 


HARRY W. DIETERT CO. 


9330-C ROSELAWN AVENUE 
DETROIT. MICHIGAN 

















WHEELCO 
SURFAGE TEMPERATURE 
PYROMETER 


ROLLER-SMITH 


Types PA and PD Portables 


i4 





{ * 
A ligt 
Comn 
A.C, AND D.C. AMMETERS, Adjusta 
VOLTMETERS AND VOLT-AMMETERS 18 flexil 
e rae 
* 


ROLLER SMITH COMPANY 00000 Write for Compler 


und Pr otective Apparatu 
‘AIN OFFICE AND WORKS: BETHLEHEM, PA ley wll ctesenrenh : Wheelee Insthuments &. 
in principal cities in ; ( haa cecal , ma 7 
an nda 


Sales agencies 
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Photoelectric and Capacity 


Relay Set for Plant Trvy-outs 





Bin-level Indicator 


INSTRUMENTS 
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MOISTURE 
TESTER 


Fit Sty NN 


Dae 








FOR BOTTLED GAS 
AND OTHER 
LIQUEFIED GAS PRODUCTS 


The moisture content of gas pass 
ing through the Tester is shown 
by the color of indicating car- 
tridge 


Write for Literature on 
Gas Testing Apparatus 


THE REFINERY SUPPLY CO. 


621 E. 4th St. Tulsa, Okla. 

















| SPIRECS 


TWIST DRILLS for 
SMALL HOLES 


* 





Two Hundred Sizes 


; . 


Cutting diameters 
Y/ 002” to .0984” in 
steps of .0004’ 
IN STOCK FOR 
IMMEDIATE DELIVERIES 
Also 


Flat, Eureka-Pivot Drills 
Reamers, Counterbores, Gauges 


FOR THE SAME RANGE 





Metric and Inch Specifications 
* 


Scientific Instruments 


and Sup pli ‘ 


The R. Y. FERNER CO. 


131 STATE ST BOSTON, MASS 
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W hite-surface Steel Tape 
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WANTED: One ! INU 

















MEGGER 
INSULATION TESTERS 


ND GENERATORS UP TO 5000 VOLTS D.C 
RANGES UP TO 20,000 MEGOHMS 


f mufr onvenien Le) 
ng insulat 
31 equipment. A mpre 
f and rating € b 
Catalog 1550 Ww f ) 


JAMES G. BIDDLE CO. 


Electrical Instruments 
1211-13 Arch Street Philadelphia, Pa. 





RUBICON PORTABLE 
PRECISION POTENTIOMETER 





We also make galvanometers, electrome- 

rs, colorimeters, permeameters, Wheat- 
me and Kelvin’ Bridges, Resistance 

tandards, coil testers, acronographs, clip- 
transformer ammeters. 


RUBICON COMPANY 


? North 6th Street Philadelphia, Pa. 





Single- or Double-switch Wh Y 
Temperature Controllers ee CG 


PROPORTIONING 
CONTROL 


























Automatic-reset Timers 
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Dilatometer for Thern 
Analyses of Material 


A Large University Says: | 2) 


“We have two of your Portable 
Pyrometers that have proved 
very satisfactory and we 
want to order another one. 
Please quote us.” 

a 


You, too, will say that it 1s very sat- 
isfactory for temperature measure- 
ment and checking. Let us tell you 


what it will do for you. 


CHARLES ENGELHARD, INC. 


90 CHESTNUT ST., NEWARK, N. J. 














RA- 243 


Filter Set 


38 ELECTRICAL FILTER 
COMBINATIONS 





for acoustic and vibration testing 


igen portable unit (measuring 


19 x 12 x 9 ) permits 


egregation of high frequencies, 


low frequencies or octave -width 
bands at half-octave intervals from 
50 to 1800 evcles per second, 

Having 38filter combinations, this 


setis particularly adaptable, in con- 


junction with a sound level meter, to 


many types of noise and vibration 
testing: including sound frequency 
analysis in the laboratory, establish- 
ment of acceptance standards, and 
production acoustic testing in the 
plant. For full details, write to our 


Engineering Laboratories, 


Electrical Research Products Jnc. 


SUBSIDIARY OF 


Western Electric Company 


195 BROADWAY, NEW YORK 
ENGINEERING LABORATORIES: 76 VARICK ST., NEW YORK 











JBI Announces a REALLY NEW POTENTIOMETER 





Panel View—Model 70-PO 
To Those Who Test: 
@ 10 the technicians and scientists 


who require accurate thermocouple 
iding in the atmospheric range 
vho have hoped for a potentiometer- 
yrometer without the difficulty of con- 
tinual balancing who must know 
under 
f ambient temperature and vibration 


emperature adverse conditions 
who would like a lighter weight 
portable . to you J-B-T presents the 


BAB 





BINDING POSTS 
PHOTO CELLS 
SENSITIVE RELAYS 
MOLDED INSTRUMENT SOCKETS 
TIP JACKS 
MOLDED BAKELITE PARTS 
METAL STAMPINGS 


LAMINATED BAKELITE 
STAMPINGS 


CONNECTORS 


INSULATED WIRE CABLE 
ASSEMBLIES 


Adequate facilities for 
Complete Assembly Work 
Storage—Packing—Shipping 


4UGH H. EBY, Inc. 


4700 Stenton Avenue 
PHILADELPHIA, PA. 
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Temperatures varying at a rat 
such that total scale is spanned in 


followed and 


deflection - potentiometer Model 
70-PO. 


Accuracy is 14¢; full scale de- ten seconds can be 


measured. 
Circuit design and infrequency 


flection, providing 1/;° measure- 


ment when total scale range 1s 100 


F., even in the atmospheric range. of balancing require but one 
flashlight cell, which is easily re 
ELIMINATES BALANCING place ible 
On scales of 0-400 F. and LIGHT IN WEIGHT 
higher, Model 70-PO brings this Invented by the same engineet 
exclusive innovation: Once bal- whom were entrusted the temperature 
anced and adjusted, the instru- measuring problems of the transocea 
planes, Model 70-PO weighs less that 
ment requires no further balanc- : 
: Sl, Ibs. Instrument comes in lustrous 
ng operation regardless of the durable mahogany case, 8! x7 7% x4 
number of thermocouples ov 1516 3-11/16" with cover oft 
(within large limits) regardless engraved bakelite panel and leathe 
f . : ( vy handle. Speci: lett 1 
of lead resistance. Here are the arrying handle pe Priple 
~ : ammeter with 6 hand-drawn scale and 
advantages of the potentiomete! pointer of sturdy double-pivot galva 
with the convenience of a direct nometer directly below: cold juncti 
deflection instrument! brought inside case where full <¢ 
Chermocouple U1ps, detachable pensation for ambient temperature ts 
fr 1 | : bs k . made 
rome tne instrument, make 1nstal- Orders are now bein; accepted 
lation easy. More important, they Write today for data and prices. Alsi 


resistance 


INC. 


give readings where other temper- — pyrometers, galvanometers, 


thermometers, and tachometers 


|-B-T INSTRUMENTS, 


New Have 


ature-sensitive elements would be 
too large, too slow in response, 


too fragile, or impossible to place. 





ANNOUNCING— 


| A POWERFUL 
MIDGET MOTOR 


for precision 

instruments, 

timing devices, 
etc. 





With and without built-in speed reducer 


| 






Although only 23¢ in. high, this new is furnished in two types yn¢ 
Bodine Type K motor has distributed ous (Type KYC) and non-synchror 
windings, precision-ground shaft, dia us capacitor (Type KCI). The latte: 
mond-bored sleeve bearings an be modified t — 
bearings, and other teatures heret facilitate dynam | 
fore possessed only by larger motors braking 

is 7 tor } e s>ciall, nited tar : 
chon Dns tages Scere ht Send for Bulletin 






equipment 


1 S : ase eanaeneeeeenaenen eee & =, 
output and trouble-free service. It ' 
¢ BODINE ELECTRIC CO ‘ 
§ 2244 W. Ohio St., Ch J0 ‘ 
‘ ee ‘ 
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MOTORS 
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TO YOUR JOB 


--- AND THAT'S HOW RELAY 
DEPENDABILITY IS ASSURED 


There is one right way to buy 
relays; that is, to make sure they 
are designed right in the first 
place, then specifically adapted 
to your application. This is where 
Dunco comes into the picture in 
a big way. Backed with one of 
the largest lines of quality relays, 
timers, etc., and with years of 
practical experience in fitting 


them to the specific needs of lead- | 


ing users, Dunco engineers are 
in an enviable position to help 
you get the most for your relay 
dollars in terms of dependability 
and long, trouble-free perform- 
ance. Write for the Dunco Relay 
Book—free upon request. 


STRUTHERS DUNN, Inc. 
1310 Cherry Street, Phila., Pa. 






STEEL CASINGS 
for instruments-assemblies 
* all quantities 
x all finishes 

x all sizes 


Metal Boxes, Pan Cubicles for instrument 


ALSTRO 


COMPANY oF DASSAIC N. J. 





























DUNCO RELAYS 


J 
'@) 4 dy the Nation's Leading Relay Users 











EPPLEY STANI 





icient form of the 


. 100. Standard Cell, 


THE EPPLEY LABORATORY, INC. 





CELL | 
tive i rce 
a 
x ‘ 
«4 
$20.00 
26.01 














Vacuum - - 


fealHring 
DEPENDABLE STABILITY 
HIGHER OVERLOAD 
FASTER RESPONSE 





American Electrical Sales Co., Inc. 
‘ E n+ T 


h ST NEW YOR N. Y 


Thermocouples 








INTERVAL TIMERS 





PROCESS TIMERS 





SIGNAL TIMERS 





TIME SWITCHES 





FLASHERS 














AUTOMATIC © 


Write - 


SOLA CONSTANT VOLTAGE TRANSFORME 


ctric Manufacturing Co. 




















SMALL DRILLS 
If pt 1969 inch dia 
2 ie s s of small turned pa 
be) \“ d screws in brass, st« 


bh 


BLACK GRINDING DISCS 





H, ©, M. ENGEL, Inc. 


P. O. BOX 2 DNEY, NEW YORK 






SOLA ELECTRIC CO. 











2525 Clybouw 
Chicago, Illine 































Automatic Control 
an ian of Furnace oss 


is furnace makes the most ne 


dpiece for Mr. Web 


ey Atmospheres i 





first ot its om ( 
yovided with automatic ‘ sin 

f temperature, time and I l i M Webt 
t Ic is the mesh-belt By H, M. W EBBER The tur ions of 

ype 41-kw electric tur contr unxili 5 


Application Engineer, Industria eating Dep’ 
lied by G-E to RCA in PI 5 ’ | Heating Dep't by Mr. Webbe MEB 


General Electric Company, Schenectady, N. Y. 








EAT TREATMENT methods of today are to a great \ typical combustion-type furnace-atmosphere 


xtent performed in furnaces provided with cot for partly burning hydrocarbon gas istrat 
olled atmospneres. These protective atmospheres l A flow diagran SHOWIN ts pring , r ope 
iccompanied by certain advantages, such as bright, PiVel n Fig. 2. This machine consist of a combu 
surfaces on products annealed; scale-free surfaces chambe suitable burner and fire che l 
ttle or no surface decarburization on hardened parts; meters f measuring the rate of input of a u 
bright surfaces free from oxides and flux on furnace checking their ratio, motor-operated gas-comt 
ed sub-assemblies. The furnace atmospheres employed — troller for maintaining constant Input ratio and ( 
n pletely independent of the heat source and are su} the burner, and a surface cooler to « i the product ¢g t 
nd controlled by use of auxiliaries which are ge) ipproximately the temperature f the available ta te 
mounted alongside the furnace. The choices f suit and thus reduce the moisture content of the 
f furnace-atmosphere equipment and accessories de point corresponding to that temperature 


ls upon the nature of the metal treated, the nature of The combus‘*ion chamber contains a firing bed { ] 











atment itself, and the results which must be produced efractory material which has been treated tl 
S alds 1n } quell tne ( red ict the 
2 part lissoeciation and partial combustio? t t 
is, The combustion chambe enera te cket 
Fig. 1. ¢ bus i-ty pe , ' } 
re aera : posi ( y away ste hea 1 thus im ‘ , 
troll I { € litions near the macl ( Ihe ni? f the ( 1 
forms hyd carbon | 1 1 4 } 
gases by con alnbe S aesigneda ) ‘ ce ntende hye : 
b st € - ea\ nsulated f it be it ! thar f 
{ 1 ) s 1 +84 
hem 1 € gases tio overation. F y ratios. leas heat ia di hee 
for use as atmospheres < I ‘ l i { ‘ 
Rating 2000 f I hen tl ! ( ne ites t ea col ete co) ist 
‘ 
: \ Ce in mMinimun emype ture 1 ist he 1 t ‘ 
mbust n cnaml t Su I tact re One 
' I I N 
(,-I n s p 
PREPARING THE GAS 
o ? it S ice I 
Most controlled-atmosphere furnaces use for their pro carbon monoxide vhly suitable for bright annealing, scale 
e€ atmospheres a gas made by the partial combustio1 free ardening and electric-furnace brazing of ferrous and 
tW hydrocarbon wases such as coke-oven gas, natural some non-fe is met s. UOperat it nig! at , nie 
propane, or butane. However, some furnaces use hydro levelops gases containing et é ! ! 
dissociated ammonia, raw-hydrocarbon gas, produce carbon monoxide, is necess f bright annealing « 
ete., the choice of which depends upon the nature of th f the coppe neludes oxygt ! t 1 embrittle 
, available material, and cost. 








.. ‘ t t i iSé produced by burning oO! \ cleaning. From the surface cooler the gases pass thi 
t I I { e as follows water separator N and are then ready to be delivered 
. I , furnace or to accessories for further treating the ga 


fore being delivered to the furnace. Moisture cond 
from the surface cooler and wate separato? lea\ 


atter through drip trap P feeding into a drain. (¢ 





ater for the surface cooler and combustion chambe 
eries through both, for the sake of economy, and 
( ged to a drail 
; ) ro} istion cont ‘ k« MOISTURE REMOVAIT 
{ t t if 1 nit 1 al \ ‘ isly stated, the gases leave’ the surface 
~~ wo" the 1 - curan sedis f the furnace-atmosphere controller saturated at aj 
; t eCacl { t mate ta} iter temperature. This is gene rally C 
ne 1 Phe t » Dut I some processes the moisture content n 
‘ ' t the va tio, and itn ( educed or completely eliminated. Fig. 3 gives an idea 
ture sata Vertue rurthne? moisture reductior possible by cooling with 
t t ce automatica to meet frigerator and by complete removal with an adsorbs 
eens . . tne . { a ak eT! VEN i an activated-alumina drye ! Although eithe } of the 
, ntroduced, and ct litable for partial removal of moisture, the 
tne ‘ ’ . ' sn iting quipment is generally used if the dew point 
Aut — Secccniams ines, automat piston t need to be reduced below 40°F. For complete rei 
ex enainon pass esi ttn ae the activated-alumina dryet is commonly employe 
— ~ ' Com t .! I ne cases it Is economical to first ref 
‘ I equippe t i it 
intent Bia ture trave cee ; ‘ 
} ” : ee ee H j bs 
P ‘ 
\ f ( ! ture |e he « istion « ‘ \ 
; j t t 








4 ‘ 
{ ! efhicient r t f 
I G-E ret 
J 
lew. a Pa ¢ 
ses b 
consists of condensing 
w-F NT AN M >T URE ONTEN ‘ ASE n nd 1g 1 cooling 
AN R { 0) ft 
EXTENT OF MOISTURE REM 
BY VAR S METHODS 
w 
w 
‘) uu 
‘| 
" ~ ‘ 
F t 
, 
YOLED BY TAP w Fig. 5. Arrangement of coole . 
7 AVERAGE nz connections the tw rt 
: the cooling tank, one for the 
; ’ erant nd one ft the process 
Condensate drains trom. the 
‘ 
’ 
> - 
4 
P 
‘ ' REFRIGERATED-GAS COOLER 
‘ rs. 4 and 5 show a photograph and schematic dlagl! 
espectively, of a typical refrigerating unit. The equip. 
: ] : ] ] y 
consists of a condensing unit and an insulated cooling 
filled with a solution of water and alcohol. In this ta? 
t s, one for the refrigerant from the condensing 
and the ther for the gas to be cooled. Thus the refrige 
cools the bath and the bath in turn cools the gas. The 1 
perature of the bath is thermostatically controlled. Th« 
eaves the cooling tank at the bottom and passes throug 
ne 5 es. ( t efrig ‘ . ) J 
< , he gas vater separator, from which it is delivered to the fur 
IPPSORMDRICHY =) Condensate from the cooling tank and separator le: 
A l s t | Zz by m« s of n ; 


through a drip trap in the bottom of the latter. 











ACTIVATED ALUMINA DRYER Sulphur-purification equipment } } — ‘ 


{Ut} 
igram of an activated-alumina dryer is shown in purpose. A typical equipment consists (Fig. 8) of a water 
It consists of two electrically-heated chambers filled spray tower and an iron-oxide tower connected in series 
tivated alumina, with suitable valving arrangement rhe water-spray tower consists essentially of a steel] eoths 








o le dea aie ‘ é or : ‘ + . > M. r 
gases to be dried pass through one chamber onl\ der filled with refractory rings he water first passes 
1 ee, Se as ae . 2 i through ; nal . een Sap 
ther chamber previously used is being reactivated nrougn a visua vmeter which indicates the rate of wate 
. h . « ve . ] 1 1 ‘ONY t y y + at ¥ 
t thermostatically controlled electric heat whic] CONnSUM} , the sprays from the ton dowry er th, 
- = rh = - 
* = 
’ “+ wa a 
TY 
~ C7 = - 
4 gement of acti P iv ‘ ‘ 
m dryer, show 
I processed gas ‘ } Ss | 
f the chambers, hur p Se 
is being blown tow f s 
ef hamber dur sf ‘ 
g ind cooling . . 
p remove moist ‘ ‘ 
" 
j i wu n 
ctec in previous Ps = t . 
cle 7 ~ 4 t t 
ee a x = . 
$sed gas 2° = o ~ 
o % "y 
4 ’ 
' . “ 
° ; f 
> . - Ss mS 4 ed ry + tty . 4 
5 as i 
. ru en? \ f The va t ? f nt t 
Va vases ( i ‘ ‘ ‘ 
é t the botton oY , p tac rt the . 
the moisture. A blower is used to help remove the te nd leave at the t f 
4 4 i l \ t | 
ipor, and Wate ( ling’ cols art nstalled in the a ste ( nde filled t ; 
s to nasten the cooling of the activated alumina t rol K1cde Gas enters t the tt f the ¢ 
mace ha hye ay a bv } t he White y na + rt 
en Ss iS [ I ible DY ea | ese u ire oe ( i S ) é \ ( p ‘ + ‘ 
t so that a switch-ove { n ne t the the S the hott , $ 
it every eight hours ! te 
" . . . . = \ } N | TT} 
DEW-POINT POTENTIOMETER ‘ al , 
eee + 4 ; 4 
e¢ ne tne n Sture conte t I vases pet ¢ UM ‘ ta ng LEsses . ‘ ‘ I 
the furnace 1 ce point potentiometer suc is tl 
~ : sw t ey fy + } 
n Fig s frequently used. A small strear f vas i l 1¢ Y , P 
jucted throug a compartment } the =t iment SUT I r ee” the e¢ t ; ( 
t comes into contact with a thin metallic n t : : ca ' i 
1 thermocouple is attached. This thermocoupnk S ( 
to a potentiometer and to an indicator the seal f 
S calibrated In degrees oft temperature \ I Vv is ~~ 
lint compa ent so ti t al bse er ¢ see tne 7 = 
, and a lam} s provided for the nstrument t oe : e é 
lark places or at night. Arrangement is 1 e f ¢ 
no the yy 0?) by a ecting, hy means 4 i suit ‘ 
. ‘ 
i sma streal T < ne gas against its bac ( 
xide trom bottles 1s ymmonly ised f t S ( c m 
; 
- ‘ ‘ 
-4 ~ 7 
(;-} lew 
tiometer 
n 
conten f 
s Mir s ob Fig \ g s 
at “ ses N g s ‘ 4 
gl C( f ses is 
~ CO 
5 \ 
= Ss € €3) + + 4 
ng i measurement t he re at ( ‘ sac ’ + . 
ng ga against the n n int 2) + ¢ =t I l I ~ t is + 
ses on its surface. Slight adjustment of t ( c ~ t 
a 
lt then cause the alternate evap it i rie sts f t t ¢ 
t1o7 ft moisture on the n r. At that - t CO + $ f ‘ P : 
emperature can be read directly on the nd t ++ ~ ] ¢ f t ( } f 
ng the Fraivanomete} hy turning a kr {WU ote ; 
. LT > or \ t « t ] { () ( t y + ¢ 
SULPHUR REMOVAL opps 
“re Yaw gases, such as coke-oven gas containing su tion cnambe 
ire processed for use as controlled atmospheres fo than norma esulting ir eG f 
an ra]; = . . . 1 : S ‘ l ne 
al nealing copper, It 1S necessary that this sulpnhu ea rt ne » th, coal =f mn ahami T , 
h ] a ¢ s js + 


emoved in order to avoid discoloratior of the ‘Onpner f ‘Omnplete ‘ minating COs. but ] ; : a . 














AMMONIA DISSOCIATOR 
4 source of gas relatively free from impurities 
juced by an ammonia dissociator which cracks anl 
monia into its constituents, hydrogen and nitrogen, 
being 75‘ if the former and 25°. of the latter in tl 
it mixture. The gas contains only traces of moistu 
ammonia. If the requirements are such that ever 
t ces must be removed, they can easily be taken out 
( r Imina aryet 
I 10 si S tvpical ammonia dissociato1 t 
complete with its accessories. Fig. 11 sl 
am for the dissociator with its accessorie 
= ~4 —- 
wt : ’ 4 iP % 
; 
*) ‘ 
t ee 
' 
‘ 
' . e. ar) 
yh 
7 - ‘ a 
( } s ( k g t | s 
Hi N“ R 100 t } Fig lI Arrangement of ammonia dissociator, showing liquid 
7 iwn trom the tank, vaporized, then passed through an alloy c 
ectric furnace where the vapors are cracked. Dissociated ammonia 
sses nrougt i sight th wmeter on instrument panel, then to furt 
\ ME A RESSURE CONTRO! 
me types of f es. particularly those th liquid nonia passes from a cylinder through an expansio1 
{ ecessary to sup} the gas at low pres and heat exchanger inio the dissociating element, 
( sav 2” to 6 te Generally the gas is delivered consists of a coil of alloy tubing filled with catalyst. | 
from tl fur} tmos) ies nntoatlas r acce ric it leaving the dissociator, the gas goes through the 
rhe res es than this and there is installed in the line exchanger, a flowmeter, and pressure-reducing valve, t 
‘ ( ribbon resistors mounted on the side walls. The temperat 
' ' ‘ is automatically controlled, of course, with a pyror 
n mu pric etorts are em] yed and . : 

i c0e-ati ae cont — system. An auxiliary panel is provided to mount the 
ti) te tit } etorts a cont | ee ee sd : meter, pressure gages, temperature control instrument 
Ime ) rie ere ise retorts are on nualty ele cul I ina 

t ol ‘ lel Since it is necessary to maintain a mini 
mum fl I va from the furnace atmosphere contr: lle t CONCLUSION 
ee 4 —. ee heat of combustion to keep the It is evident from the foregoing that control equi; 
o Coe M ve the minimum operating plays a prominent part in providing protective atmosp 
ten Trequent ecessa to install a relief for furnace applications. By means of this automati: 
‘ t { ! ldition to the regulator. The trol, uniform results are assured and duplication of 1 
2 educed to a certain point, the back pressure is made easy. With a wide variety of equipment and 
iilds up to the extent that the relief ve opens and dis sories available, controlled atmosphere furnaces ar‘ 


Cssea La { tne itdoors I sufficient 1 lum ble to accomplish obs whicl only a fe W years ag 


1 difficult or impossible to do economically. 





Of Vital Importance 


to all manufacturers is the knowledge that the correct temperature has been use 
in ra various manufacturing processes and that the record is reliable 

Confidence in the Recording Thermometer is of utmost importance and those whi 
use Palmer Thermometers know that every Palmer product is thorough! 
dependable 

This NEW Palmer Recording Thermometer was not placed on the market until 
every detail had been perfected. It is the outstanding Recording Thermometer ever 
placed on the market for superior workmanship, sensitive registration of tempera 
ture and absolute accuracy 


Be certain your next Recording Thermometer is a PALMER! 





(Write for Bulletin No. 1300) 


THE PALMER COMPANY 


i = Manufacturers: Industrial, Laboratory, Dial & Recordine Thermometers 


ag ame a ne 2511 NORWOOD AVE. CINCINNATI, NORWOOD, OHIO 
CANADIAN PLANT: KING & GEORGE STS., TORONTO 























athode-ray Type Synchronism Indicator 


By FREDERIC Ss. BEALE 


Box 2661, Boise, Idaho 


SHERE arose the problem of how to synel 














ine to a bus without purchasing a potential trai tep conditions. ) 
rmer. Our old neon-tube ‘‘Statoscope” did not requir erence ant aw 
transformers, but such a device does not o e ade 2 - se ¢ rt the nstant { : . : theref 
ndications. The situation called for an inexpensive di the ad tment of R made that the ¢ ‘ , 
viding an accurate indication; readily understand i green light natter Phone a thin black shad : 
readable by any operator; reliable; installed an oe U urd. with termi ee B ee ; oO 
ned at minimal cost; and requiring little attent th t teh « ed f f ey 
xtremely simple solution was found in the applicat ected.) 7 idjustment the licat { 
athode-ray indicator tube. Some thought and exyx u on the 6E5 tube scree t the tant ( 
evealed that perhaps the best of the ma Sut tube etween the Ne ind f 
e was the Type 6E5, termed the “Magie Eve tube Che next adjustment equire the actua exe 
t thought it may be considered that the luminous ~step condition ac t ene te \\ 
on the screen of this tube would be t mi to ( connected. the t-circuit emoved f - t 
any use Its ind B 
smallness 1S at seni ened. R y { 
eee ees ee i 
tage in that it | ibout half seal 
es its installa ener " ——— <= thi i 
to be made at ee ee L _— comet ‘ 
witch control iz LJ 





and, tan e, 
est position for = eee > ; 





| spread it unt 
rvation by the stat EE 
ator. And the in R, oy A an a th. 
} « | 
ition given is in bril 











= PV V+ close up to the ne ¢ 
t green light easily |} Sean be ut-of-step condit 
n daylight surround ¢ ee oe thus presented to the : 
Addition of other 6E: [ J 6 He erator as a more » dé 
bes, in parallel, at switch oe 3 rhythmic opening a1 
trols widely separated, at oe — closing motion of thi 
mediately suggested it ) > shadow on the creer 
as being practical. ef | bi cae the 6E5 tube 
The source of operating If the motion of the 
tential, as far as the ' ’ EY ry had ty faithfo 
ronizing indications j j 4 : epresent the out-of-ste1 
e concerned, is required S00 volts , condition, the amount 
supply an insignificant voltag elected and 
int of power, and a wide a a ee | ee ane eRe Ae ; nlied to the d of t ( 
tude of source voltages Is sual circuit ¥ ilues are as follows tube hould be just that 
accommodated without R mpl ca agg eee hears necessary to produce 10° see 
change in the equipment, R 100,000 ohms, 1 watt tor of shadow at the }R() it 
than minor adjustments of Re wast ee, a oe ae ‘f-sten conditior rl 
» COT trols which are provided. 4 3.000-ohm volume cont if Mil ‘ { " most easily four | 
itice wires or collectors, and O.T-mid 400-volt paper capa ne R, durine the cet 
ling capacitors of small ea of the out-of-sten voltage to t 
ty, become suitable sources strument } “ 
( the tior the ido seen ft ‘ t 
THE CIRCUIT panei a é , te ; P F 
ad is rie appilles LOO mu Voi lav’ ( 
Fundamental: In Fig. 1 is sho n the cireuit t t 1 he Tound t pe ind ¢ ! ( 
be adapted to a wide variety of circumstance The t should, and t emain ope closed f t 
L, is to be synchronized to the bus by means of tne Or time whet t actually should be moving. In¢ 
Sw. To a phase conductor of the line a short static Dest f ave an out-of-step conditior tf about ne ( 
ecto} vire is electrostatically coupled Anoth« tate ( econd for making thi idjustment \ 
ctor wire is similarly coupled to the corresponding too slow a motio1 be difficuit to judge bee 
e conductor of the bus. These two static wire are ther I Vster speed ¢ is the peed of the con ( 
ected to the terminals of the indicato1 nstrument \ f more } inced effect. B cor linat . t 
b, as shown. istments, FP nd R ettir ( eached t 
vill be recognized that the potentials developed Cal es the maximum shado per ind at the me time 
e static wires, S and S’, will be proportional to, and of makes it perfectly rhythmic the it-of-ste 
same frequency as, the potentials of the bus and lin that causes it 
ch they are coupled. With the switch S ope al If Ry is adjusted so that for a 180 ep Lit 
rence in frequency and resulting difference in potentia the 1R drop selected ist sullicient to ¢ und the 
een the bus and line potentials will also show a corr to its Maximum, JO, and the 1 eC] dicatior 
ling difference in frequency and a proportional dif to be a vanish:ngly thin line of shadow, the angula ( 
ce In potential between the potentials of the 0 static ng of this shadow, expressed in degre i! 
es. (In the case of loop circuits it may be noted her equal to one-half the angular displacement between t 
t a phase angle existing across Sw when it is opening ut-ol-step voltages, also expressed in degree 
loop will also cause a difference of potentials between (b) Permanent Installation The power necessarv f 
static wires, but one of a constant value giving a fixed operation of the instrument is moderate and mav be ob 
motionless indication, in marked contrast to the ordi tained from one of several sources. Tube manufacturers 
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the me tage at the Instrument terminals as does 
1 tatic e, unde normal load conditions as. re 
ented b e actual load of the instrument. For 
eason a vires to be installed can be put up and a set 
ip oltage measurements made, from which it ca 
letermined which wires to shorten, lengthen, or leave 
trimming process is not difficult, and is not critical 
ength of 11" The spacing of the wire from the 


conductor, on the other hand, affects the voltage marke 


It s sometimes quicker and Ssimpier to produce a SI 
chang’ n voltage by slacking off, or tightening up, o1 
‘ f circumstances will permit it to be done. 


(c) Coupling Capacito Coupling capacitors suc} 
now installed in oj switch bushings, or for ca 
current connections, may be used. 

(d) Transforme Potential transformers, of co 
can be used, but the object of this instrument was to 
ate an expense that was not deemed economic. 

(e) Combination For combinations of different t 
if potential sources the phase angles introduced by 
source, and by the circuit connections, must be chec 
Were the instrument to be used with static wire potent 
phase-to-ground, from one c¢c.rcuit, and with synchrot 
potential, phase-to-phase, for the other circuit taken f 
a metering equipment potential transformer, it is rec 
nized immediately that a phase-shifting network w 
have to be installed to correct the two phase-angles ~ 


nN ar sources ll olve 
INDICATIONS 


In the use of the instrument the out-of-step indicat 


are shown, as already aescribed, by a shadow opening 
1 . 1] 


closing fan-like within the range of the 90° sector. 


‘ 1) 
S| 


ould the instrument be put in use and the operat 


ybserve that the shadow remains stationary, ¢cranting t! 


ere are no mechanical or electrical failures in the cont 
and electrical equipment and circuits, two conditions 


’ 
e indicated: 


Where the line is part of a looped circuit, a pl 
angle will be indicated. Usually such angles are relativ 


small and depend partly upon the load carried by the | 

making up the looped circuit. In this case the shadow 

not show a sector width of more than half the numbe 

degrees of phase shift that exists. 

Ze Regardless of whether or not the line is part o 
: 


ooped circuit, if the shadow shows a sector approximat 
15° width it indicates that one of the two circuits to wl 


the instrument is connected is dead. (A third condition 


possible: that of synchronism existing by chance at 


time the indicator is put in operation. This, of course, wot 


not last long when generating units are separated ent 


from other parts of the system.) 








nysical Processes Which Occur at the 
int Where a Hardness Test is Made 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


rt’s Pendulum Hardness Tester Indentations | The deformation caused by hardness tests a 
se have already been shown to some extent in ways results in deformation of individual crystals below 
195 and 197 (Sept. 1939 instalment Fie, 233 ind around the test impression, this deformation consist 
‘ : & : Vet li j O, 250d. 
Wig li yrs ny PYS(A nes o ( othe 
r. shows in greater detail what is happening im ng of slip or gliding of erystal plan wiih asi apenaraag 
. a 4 ay % s " Sure res] Tice t sli} 
itely under the indenting tool. The photographs in = Hardness is a measure of 1 re oe 
233 and 23 were sent to the author in 1984 by In order to make this last point clearer, Herbert con 
te E. G. Herbert of England. Fig. 233. i al structed a model as follows: a heap or pack of sat 
te ° i snes . A S % 
, bake | ‘OmMAg ach 
nt made in a bronze plate. It shows quite clearly razor blades was pl wed on an electromagne Phe pack 
by] ; | he « i] ries yy si o the blade 
varalle] slip bands crossing the smaller crvstals of ft Dlades could b ISII\ detormed by liding I Did 
. . er eacl Ler } . wrhene etiz } } hie ‘ 
the plate is made. Each ervstal has the direction — ich other when unmagnetized, but when the 
‘ 7 tronpsae t as ¢ ° | ] on A y Ww 
slip plsame s different from those of the others. tromagnet was excited or the magnetizing for nory 
to tlhe slip planes was increased the frictional resis 





Fig. 234. Photograph of the imprint of the ball in a work hard 





ening test. Slip planes may be seen surrounding imprint 


hig. 233. Halt of the imprint of the ball of a Herbert Pendulum 
Hardness Tester lo slip ind therefore to detormation was imcreased 
The pach of blades became harder as the blades sett 
ng a random distribution of direction of crystal together under the magnetic force. The force required 
ines. "The slip lines are, of course, the edges of th to break the pack in two by separating the blades was 
p planes on which slip has occurred under the pres of a much higher order than the force to deform it b 
imparted to the material through the I-mm. steel slip. In metals the crystal planes are held together | 
on which the 2-kg. mass of the pendulum hardness ohesion, which is so great that separation seldo 

ter rests. This photograph was obtained in the same ever occurs, though slip is the common characteristic of 

is were Figs. 222, 223 and 225. It is a vertical il] kinds of deformations. This pommt wail be discussed 
ss-section of a time hardness test on bronze. | ig, 234 i greater lengths when the phenomenon Of creep 
photograph of a work-hardening test impression related to hardness 
le on the polished surtace of a block of mild steel From results (to b pres nted later concerning: hard 
s shows clearly the slip lines within the distinct ness and magnetic properties, it would appear that th 

ill erystals surrounding the indentation of the ball forces acting on these slip planes to keep them tron 
t polycrystalline structure as in Fig. 227 these in separating were clectromagnetic in’ their character 
lual slip lines ire not distinct due to the fineness Whatever these cohesive forces are, heat ind magnet 
he structure and give simply a matt-surface appear fields both produce a change in these forees 
Herbert made many tests similar to those shown in SCLeror Inder ? 

PS. 233 and 234 and always obtained these outstand Lhe physic ik PFOCESSES involved in the mark or 
characteristics that slip lines could be seen in the indentation ) made Dy the various sclerometers, or 
stal structure around and under the steel ball in the so-called seratch hardness testers, is of considerabl 
ter of his pendulum hardness tester. These numerous nterest to the users of these instruments. Fig. 235 shows 
confirming observations led Herbert to two generali i cut made in the surface of a piece ol plat glass as it 
Ons should be made by Bierbaum’s standard instrument. Th 


INS TRUMEN 








t was made when the diamond was carrying load of various metals by Bierbaum’s Standard Instrumen 
rra \\ en. Low \ ee | SA t Atl ond Wis loaded shown In Figs Ths é be ae Ve ind TA. Dec. 1937 
vit YQ ora ind ) ross the os plate Of @lass, nent 
t lig 16 i. |] i! nusual In Fig. 238 are shown the paths made by the O 
toyvray n tha . ws parts ad I iw scratel Ball Sklerometer as the ball crosses (a) the surt 
nplet sheared off. They uuld be seen with th i block of large crystals of iron and (b) when tl 
ked e lying at some distar fy the furrow. Nea crossed the boundary between two strained iron ¢1 
f the pictur Sone p nost « le \ In both cases the slip lines along the edges of the g 
thal i ft “ nReAT TDi { ae pro ss. thas pus Ter by thre l-rnm ball Way bye plainly seen his 
irted. Fig. 236 xactly what happens with of point for thi stvlus is recommended by O'N« 
sclerometer mow h the load is used as the riterion cause he believes that he can maintain a more un 
hard Phe cut will no ar i to a p! istic flow point on a ball ended stylus than on a diamond g 
pping of plan r the other, b 1 gouy o a sharp point Che latter is too easily shatter 
ny and } ighing roces “ inne recuratels damaged in the process ol making’ ri cut. O'Nei 
vaged f widtl ports that “the ball sklerometer gives excellent 1 
\ 1 rat t Show n Fig. 23 which Js m single cryst ils of metal and satistactory tes 
t irk nad ! i { yma iss culter When on ivyregates. One well-known maker of concave vr 
‘ es to tf a piece of pla vlass. The center of ells me that after ruling 50 inches of speculum 
t f w ois a / f tine cracks which by diffus iveraging 30,000 lines to the inch, and with ea 
nl t . iow t pp ran It will also be seer thout one inch long, he has not been able to detect 
xe e flak ft the glass have bee sheared oft high magnification any change in his diamond poi 
I Indian does the flint when forming his arrow there were it would spoil the resolution of the gy 
id. So \ nt photographs of the cuts made 1 In Figs. 183 and 184 Der 1938 instalment t! 
Was compared witl 


print of the Shore scleroscope 


ft the Rockwell indentation. They are quite differ 


j { their character 


Phe imprints of the Auerbach spherical indent 
the surface of a plate of glass were shown in | 
March 1938 instalment) at the moment the first 

nanent crack (deformation) appears in the glass 


ot interest to COMpare 


239, with the static Imprints given in lig 


the impact hardness testers 


print, lig. 


\ hie striking thing about them is that both in the 
- \ { ind the dvnamic methods, the first crack appears 
} \\ Ne ' 
circle. See Figs. 240 and 241 wherein there is ar = 


Fig. 245. Cut made by diamond on a Bierbaum Standard Instru creasing amount of cnergy thrown into the IN pa 

ment with a load of 3 grams the successive pictures, The manner of the breakir 
; 

vlass when struck by a ste ball or a bullet is fan 


ll who have seen the glass in a windshield struck 


to all a 
\ ( i ving stone or anv other missile. The break is alw 
\ of the same character and after such a break the d 
’ tion of the impact is always ascertainable. Figo, 242 5 
ee \ , the characteristic form of a break in glass when sti 
 \ , 
 \ by a spherical missile. 
~ 
{ 
, 
Fiz. 246 Cut or scratch made by the diamond on a Bierbaun  aanitlicieeteatiiniiaalami cette) 
' 
Standard Instrument when the load is 9 grams - 





Fig. 238. O'Neill's Ball Sclerometer leaves a smooth trace 
crosses: (a) a block of large crystals of iron and (b) the b 


dary between two strained crystals 














PHENOMENON OF CREEP AND ITS remains constant so far as car bserved by ordinat 
RELATION TO HARDNESS means. Thus in Fig. 243 t] ne O A B would repr 
MEASUREMENTS sent this physical process in wl OA is } 








I : deformation w nt madd IS { { 
»} cep l ow Tye IaAStIC ro r , } 
Creep. n studying the elastic prope a i Ae IB 
etals at room temperature see Nov. 1938 in sy ' , 
: le stress is applied 
t) there is a fairly constant ratio between the If. | : 
: . : f. however, t temperatut f - : ; 
»yplied and the strain produced within the so s 4] , : 
: ] ] Inerease mm the imn lat letor ition ! “\ 
] + ] ts ‘ 1S IS t( 1 Ste 
istic limits. If a tension is applied to a el aw EY teekoa O4~ 
in elastic deformation occurs, the strain thus 
comes to a fixed amount immediately. and = no 
™ long the load is ipplied the deformation * 
} e 
< rae 4 
| 
| 
_ Fig. 242. Illustraung how a piece of plate glass 


always breaks when struck by a projectile. The 


area of the flattened portion of the steel ball 


rt k hairlik ; I =e determines the size of the circular crack in the 
rae) > - yre a * ’ vv WW) } > 
Loy. 1e first Dreak 1s a hairlike ring in the glass S show! glass. Compare with Fig. 170 











e shadow around the ring the break has already extended 
listance into the glass 
‘ 5 
' 3 
i oS 
i Sr 
WM/AAge 
} 
, 
A 
A 1 /f 
; oa Sfage > vA 
dé ‘ nil 
4 ww 
4s i f 
r} 4 . 
Since 
> 
12 | 
‘ fi 
240. Here the break has extended sull farther into the glass 
in the break in’ Fig. 239. The little oval drops are minute Ws 
les of water drawn into the crack 
| | 
es ee ee 7 J 
oO 
Fig. 243. Illustrating the detormations which zo on as time 
progresses 
\ part of the initia leformation at tl hig } 
ture is due to a plastic vielding In addition to t 
crease of the initial deformation it hight r te peratures 
it keeps on increasing with the time and follows a curve 
similar to CDEF in Fig. 243. whic s thought I 
being divided into three stages as indicated 
Following a discussion by Clark and White ree} 
nave bye defined is it detor vl ch yy , yn \ 
tin ilthough the stress load ! Hains n int It 
that deformation in Fig. 243 represented 
CDE! 
241. The circular break in the surface of the glass has prog 
ed so far that the edges of the initial circular break have 
seriously shattered 
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| ‘ | { { ; eT s | in it will todav. it. the oad is lett on until th 
{ j t 5 j . { al Hits subsided 
i 1! t lef | ! | i Some study has been made on a series of plast 
: | | s t t Bakelite Lucite ind thers ino which the scale 
i vuiding . Rockwell tester has been used. Consistent reading 
" | t vu sting . s n he obtained in this manner with the I scale fi 
t t ‘ " nde rreliminary load is ipplied ind then the final load 
| ' { t sr s left on for 30 seconds and most of thre creep ha 
= wc af ' , sided. At this point thre major load is removed and 
| ' " r Bi sed n th i wait of 30 seconds is made before the final Ro 
h “ | t | 7 | ' st number reading is made his slows up the spee 
nd reg let which one may make the tests, but they appear re 
It is fortunate in studying plastics that a large p 
the creep effect is over by the end of each one 
}O-second ye riods. Whether the creep Is over or 
this furnishes us a procedure for comparing the ian 
numbers of various plastics ry other substances 
Tr s 30 
= 
‘ Dime 9 Bes 
2 
~ ¢ ? 
big. 244. A bar of marble ts laid on two knife edges at K and ‘ 
A. Due to its own weight the bar begins to Sax (creep) at the 
iddle and the amount is indicated by the dial indicator D. 7 
s the thermostat « trol for the heating lan ps | and 7 £ 
‘ 
4 
4 4 iz. 246. Creep effect in marble 
é 
show creep. because a time tactor has been introd 
nto the readings of sufficient length so that one 
duplicate it with some accuracy his period of tin 
waiting may. be irbitrarily set to in desired inte 
Although time-consuming, it is) better to wait 
st of lhe creep etfect has disappe ired 
y In the thought that a studs of the phenomer 
b| creep might throw some light on hardness testing 
: m what goes on under thr impress of the indenter 
irdness tester, creep tests have been mMaugurate 
5S. The bar of marble and its support are housed under substances like marble, glass and Lucite Phe ex 
tf Celotex whose interior ts kept at temperatures nents on marble have been goine for two vears 
i degree trom month to month = a 7 
hose for glass and Lucite are now well under way 
Che cree p effect in narble is so large that if a sq 
t i a t re () | , | rod 91.5 em. long ind >S cm. ona side Is laid on k 
when the sam st is applied dges A and A, as shown in Fig. 244, one can set 
Hail bueseluke+ the tall hand on the dial indicator move steadily forward in 
YJ x tae as ft eS On and first half hour of creep d e to the stress which 
rh ise In CDE] Fig, 243 WHE TASS 
. ces at ordimarv. roo te lig 245 shows how the bar of marble and its 
yreat interest to on Whoa ois support were inclosed in a housing of Celotex wi 
J . iS nent glass window in the front. By means of the therm 
sses observed in. thi eas I’, shown in lig 244, the temperature was maint 
plastics, therefor s the pl mstant within a small fraction of one degre 
1 wher reep occurs ino ordinar turning off and on of the heat from the two lamps 
i ] stion nat rally irises, What . by the thermostat was sufficient to maintain a cons 
t rrow It is evident that wit] emperature 
ling on a dial indicator of a Rock In Fig. 246 is shown the progress of the creep 
“\ h sotter readin I rrow ring) of the middle of the marble Dar as time progres 








, ia . : ; 
Re \ Is Shown in greater detail than in Fig me whiiel ( i } Gy. Her rt st is 
\W 1] hye seen to bye composed ot Steps Ww ( I ago. Herb rt ft ind that { i ft «cf A " 
} 1 > } + } +» } = +} ; ] ] 
, } i\ Like torm oft the first stage of i €rTreei ] ncehed rr ibo TRO ¢ st “A 1g y 
1} r ly + ¢ . ‘iodi yen ; - : ' mae Cena () | 
thes steps almost appear as perioale nts, so i CVCLIC process 1 iv | ie} ru t 
lo thev occur. This is shown in Fig. 247. Th irves is shown in vo, 248. He found that 1 
curve shown in Fig. 246 has been going o1 reat. but g nd 1 ! S “ S 
} } 
wer two vears. It continued tO’ Creep: Trex irl\ Velic-} wesses during t s f \ ¢ 
1 } ] } rt ; ; 
randa hatt ind then ce ised iltogeth Tor mn PIOUS V1 © ~ Tver 
| | . 
After this ips Or a halt vear I I }) Why s d t 6 iriat : ‘ 1{ 
rod is continuing again, at the time of writing, set » t vpothesis t - } ssion of 
yrOgTeSSI\ jumps as in Fig. 247 ns il . — 4 r 





LS mnbstone which consists I i t] Ss | s } t tw uy t ‘ 
supported at its four corners. During t \ . dness as progresses s 
I 
s existed as a memorial the process of stand. ‘I yher nol 
n going on and odav. although no roke! t Ww . iss ol) II | 
, } } 
is sunk several inches.’ In some places ! ; i ao. Iness. It w 
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47. Detailed study of the creep effect in irble Fig. 248. Fluc " S f ardness Stee wire { 
iffer quenc¢ v 
n s i ft n s tO doorw Vs 1 } I vs + ) S < e { 
Ws [ I ss supported ty\ ste i \ W sS 1 ionet ’ eC \\ ) 
\ t I l | t have sagg d a t } = S y % < j ‘ 
no slippag rs or creep sets go tf 
the pro ss of creep is thus studied i ‘ Ta sin tl s I t iri Dat tS OW v 
\ s happening? Marble is mad p ot mn ris t stress W sets ups ns in tl 
rvstals yy grams whose surfaces Slip ! *) \ | ss Of slippag i I grail yuindar » it 
ne another. gradually allowing the marble bar CASES se strains by steps whi ippeared 
Che free spaces between the grains vary n ditter shown in | gy, 24% 
| } 
irbles and by he immoun Ot Wa ! ibsort | _ processes go OF in ils as H t ! 
) dete) l ined what interervstalll Spa exXIsts I Sty s iiWAaVS seit to ve presen im Ss ds ma 
: t 
irble t \ I iSt tlhe selves creep occurs | DY 
Fig. 247 it would ippeal that there is a gradual such strains was recently demonstrated in sawing slow 
; ’ } ] ] } ] ; ++ 
ping of one crystal surtace or plane over the other ind ireftullV a plece Of Drass tubing tengehnwise \t 
12 1} it ] 1 <} ’ +} } } r} 1 al 5 1 long tl tut 
hnallv catehes ind holds Ste idy tor awhile. Th 1¢ it fh id Deen Ca wad a wt iD 4 1LOnYg t 
re it creep In Fig. 247 is much like that descr hed was tound that certain strains had been 1 ised na 
1 } 1 } +} tit ist | , } t 
ttries and Archer? in their slip interference theory each halt of the be Was twisted t me side fro 
; , { +} Bi | } ; . 
e hardening of metals. After the creep SIOWS ip du ther half. Yet his brass tube iad been 
. , ‘ 
slip interference at some boundary pl ine, a sudde1 room at least 20 Vears Phe strains were n iT) 
. 1 z } ] | } 
ini i] jar, change in temperature or any imposed rele ised ind could t ey have Deen obsers dias t 
' : ‘ ] lt ae } { } + 
. will start some other Set of planes to creeping progressed it W vuld do 1) ss have been I ind 
ich other and thus Wwe obtain a series mT steps as release had been i pse ido CVC r st }) bv-step re 
I 
nin Fig, 247. As indicated above, where the stress Another indication ot this strain alwavs being prese 
} } ] +} } etrer ] } ; wrist 
stant these ste ps come long with almost ie riodi mn solids is the fact that it is extremely ditticu to f 
irity i plece ot glass tree trom str ns When \ “ | v | 
A : r 
, oht (7 e ‘ 
h a picture of the phenomenon of creep leads to zed ligh 
ment t] } Juctuat hard +} 
nent on the periodic fluctuations of hardness with E. G. Herbert. I 
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AC and DC 
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M immete is a complete instrument tor Size 
AC -D ize, current and resistance an Pra a x 8”’x2-1 8 
ses. Has 3 Sq Triplet improved rectifier 
; DEALER NET 
nstrument AC -1)¢ voltage scales read 
550-500-1000 i LOOo0 hms per volt $14 
¢ M np scales read 0-1-10-50-250 e 
Ohms scales read: Low 400; High 250,000 
I stance ge can be nereased by adding 
b eries New improved low loss 
selector switch. Black molded case and panel, MODEL 666-H sesitaets 
| " 
iat a with RED? DOT Lif is Model 666 but with 
V; = , 
(; teed Meas g Instrument Alli AC-DC mage ranges 
; ' | t $000 volts (selt 
( Ds Batters nd est ead Jeal " 
. ° _— beeen ontained). Dealer 
N“ I < $14.00 ) c 
Net Price $14.50 
FOR MORE 


INFORMATION 
WRITE SECTION 
23 HARMON DRIVE 


TRIPLETT ELECTRICAL INSTRUMENT CO. 


Bluffton, Ohio 





HYDRON "sss 


to meet highly 
specialized 
requirements, 









A , lallic 
Bellows 


HYDRON Metallic Be ws are sed as ¢ 





me s erature-and-press € ont Jevices, and 
{ } gas seals of Compressors and pumps. We 
are spe 4 € esig and product of 

piete r Sta and pressure u $ tor te pera ‘ 
and es € s. We are, therefore, prepared 
exte i t es erat eng ec gd i 
ments t i a ers { s 


CLIFFORD MANUFACTURING CO, 
64 © FIRST STREET. BOSTON 
BOSTON CHICAGO DETROIT _LOS ANGELES 


BELLOWS EXCLUSIV 
SERVING A MATIC CONTROL MANUFA 


EDITORIAL COMMENT 


(Continie fron 


page G2) 


control of chemical composition. From this provi 
arbitrarily exclude a number of useful portable analy 
deservedly called ‘‘industrial’”—which require manipu 


x Which are not capable of providing pointer-and-se 


dications or chart records, and limit our discuss 


automatized chemical analysis. 

Two distinct historical secuences have resulted i: 
matic analyzers. One has been the gradual evolut 
fragile laboratory bench glassware into rugged appa 
with more and more routine operations mechanized 
the taking of uniform samples at the start to the tak 
readings at the end. This form of automatization 
mechanization or motorization of previously manual 
ual routines. The other historical sequences has bee 
rapid in every case: not an evolution but the applicat 
continuously-recording instruments to continuous met} 
or the transformation of a laboratory continuous a1 
apparatus into a fully-automatic continuous analysis 


trial instrument. The term “analyzer” generally signif 
selective analyzer—an instrument 
stituent by one selective method, or a duplex or 


recorder consisting of two or more fundamental measu 


which records ons 


mult 


devices assembled into one case so as to produce a plu 
of records on a single chart. Though new, this provin 
automatized analysis comprises a number of fields, m 
less overlapping and only faintly corresponding to the 
mal divisions in college chemistry courses. We disce) 
distinct fields in this provinece—ten “classes” of rob 
analyzers: 

(1) Automatized gas analysis methods in which the 
centage of a constituent is measured by measuring a 
cal property of the mixture, without any chemical reac 
Any 


measurable 01 


property may be ut 
better still 
measurable by an industrial instrument. It must be 


performed. physical 


being 
which is readily continu 
of course, that the mixture rule limits the applicati 
property-measurement methods to mixtures where the 
of the utilized property 
recorded than in any 


is appreciably greater or sn 
in the gas to be other constit 
Another peculiarity in the 


ods of gas analysis is that the different constituents 


use of property-measuring 


quently have different temperature or pressure coeff 
of the 


but it also permits analyzing certain mixtures at tem] 


particular property. This may be a source of « 
constituent tested for displays the ut 
than do the othe 
these methods being continuous 17 


ture where the 
property more markedly constitu 
Finally, most of 
industrial embodiments, the instruments can readily be 
to serve as the measuring elements of telemetering syst 
or of automatic control systems. 

(Il) Same as (I) but for solutions. Among the p! 
properties reliably indicative of the concentration of a 
solution, the 


ticular ion, element or compound in a 


iseful are electrical properties These come under « 


reasons of convenience const 


VIII, helow ) Any of t] © ITC 


ng physical properties can be utilized when it cat 


metric methods which for 
a field of their ow) (No. 


1 


veniently and accurately be recorded, when the 


nent or compound tested for has a pronounced int 

n the value of the solution’s operty and when the 
ictically no dange nt the esence of othe ms, ele 
compounds affecting the shape of the curve ! 

ri nstrument’s ecalibratio is based 


(111) Mechanized volumetric gas analysis methods 
sting fas 


ngle selective absorption or selective 


mn stage fe juantitative determination of one const 

the mixture, preceded and followed by simple aut 
ed washings and othe outines. Modern features art 
ened to assure def e conditions of pressure, 
emperature and either drying or saturation: or to 


ations in some of thes« 











s. | argt ants the readings talne the f 
t r f the analyzing instrument e converte 
t al electrical etfects ar telemetered to ce 
ntr ards at a distan¢ tr t points o 
sic Ar ‘ \f tTnese ? ad cat g ind re rding nstru 
< ! eover, Cal eadily be made to st t is the 
ne element of an intermittent type automatic contro 
whieh, after each cycle of measurement, eadjusts 


is Vaives and dampers. 


\) Mechanized volumetric methods similar to (III) 

nprising two or more selective absorpt 
because the determination of one cot 
t requires It or In order to measure the percentages 


lurality of gases. 


t} 


Continuous-absorption gas analyzers wit 


y pressure 
suring instruments serving as indicators, 

etering-system transmitters. 
tinuous, the instruments can be supplemented by a wid 


recorders and 
Since measurement is 


ce of telemetering 01 automatic-control systems. 


VI) Combination of chemical reaction and physica 


erty measurement. 

VII) Inferential analysis by 
changes of forms of 
ough generalized by the plural, this obviously refers 


measurements of effects 


energy accompanying reactions. 


efly to temperature measurements 11 connectior wit! 


Ol endotherms. Outstanding example is 


g exotherms or 
catalysis-cell type of CO recorder. 
VIII) 

cessarily 


ised on the electrical conductivity of solutions, but it ex 


field 
includes methods 


Electrometric methods of analysis. This 


overlaps others. By usage it 


des methods based on the thermal conductivity of gases 


e former being considered an electrochemical property 


physical property. Important as is 
been defined. The 


are successfully embodied in 1 


the latter a purely 
Id, it has not vet electrometri¢ 
alytical methods which 


however, may be listed™ as follows 


istrial Instruments, 


potentiometric, (2) electrolytic, (8) polammetric, (4) 


luctivimetric, (5) magnetometric. 
(IX) Qualitative detection of any or all 
is not yet 


unknowns 
reached the practical stage, though a certail 


i 
easure of success has been reported in the way of spec 


oscopes equipped with photocells and sets of screens 
ich sereen having a series of slits corresponding to the 
ncipal bands or lines of a certain atom or molecule.’ 
(X) General quantitative analysis. Complete automat 
ition still is in the dream stage for it would seem to 


uire (even if limited to the inorganic field) an enormous 


:ratus corresponding to a large laboratory in which a 
pulations are automatized (including judicious choice 
eagents for obvious reasons such as explosion prever 


n) and provided either with a multitude of dials or wit] 


ins of printing on a chart the result in the rm of sym 


and quantities. By the way, how 


tatfed by human chemists, not robots) are today capable 





eporting exact (Say to 1‘ ot eac! amount) a 
nt ¢ ) tit nt Y ) ry tay }° 
4 a) i ‘ » 4 tits i I Atel a ° 
\ ‘li 
. : oe ’ 
—Return Flights 
ere . t la fascinating subject M ‘ 
struments wi! ive moadincations I type a ¢ peda 
the ant cn are take ( trom the plant 
t y 1if yt ) ] } 1) ‘ na t not ) yt 
l Oaln¢ oO de sure an aus i Ss lime 
lt i! ry)? re ant ancest S (ft at ( y ¢ ‘ T ? 
hy t, ) S athe dittic + +t imagine it + 2 
iit makes the subject a the n ( nterest ¢ () 
¢ t random: the autograpnic and integ ti icces 
I irgre-ScCaie ipparatus Tor pure est ece t 
ired Sunday newspapers MFB 
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A New Precision Measuring 
Instrument by RCA 





4 Vit NI \ R¢ st Pee Noise Veter aiiswers 


a need for a meter to measure radio inter- 
ference long felt by utility companies, manu- 
facturers of electrical appliances, and broadcast 
stations. Itisa flexible instrument designed in ae- 
cordance with the recommendations of the Joimt 
Committee of the Edison Electric Institute, 
the Radio Manufacturers Association, and the 
National Electrical Manufacturers Association. 

It is of rugged construction and weighs com- 
plete only 32 pounds. Radio interference pro- 
duced by household appliances, vacuum cleaners, 
diathermy machines, power lines and other sources 
can be measured accurately. And the RCA 312-A 
Noise Meter may also be used as an indicator 
of radio signal strength. It is also available with 


power line coupling networks. 











SPECIFICATIONS 

FREQUENCY RANGE: 4 Bands 
M0 KCL 1S VME 

SENSITIVITY: 10 Miero Volts to L00.000 Miers \ Its 


10-1000, LOO-LOLQ00, LOOO- LOOL000 


10 AC 


In 3 ranges: 
FIELD STRENGTH: 10 Micro Volts per 

100.000 Micro Volts pet meter 
SELECTIVITY: 8-10 KC at 


ments as ree 


meter 


6 DB \leets 


ommended by Jotnt Committ 


ANTENNA: Pwo Meter Telescopic Vert 1 Nnvte 





RCA Manufacturing Co., Inc., Camden, N. J. 


A Service of the Radio Corporation of America 














5 uti eens violins 
oo TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 


the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 





Illustrated 
bulletins 
free. 
Creates a permanent time rec- 
ord on a waxed chart. Accu- The Shore Instrument 


rately records rate of produc- & Mig Co.. Inc 


tion, time and duration of 
. y 9025 Van Wyck Avenue, Jamaica, N. Y. 
stops, total quantity produced. 


The Electric Tachometer Corp. 


358 Spring Garden St., Philadelphia, Pa 




















NATIONAL * 


* 
RHEOSTATS 
ABRASI ON TEST Ask for Catalog No. 5 Catelog 


National Electric Controller Co 


FOR SURFACE FINISHES $317 











Ravenswood Ave., Chicago, IIl. on request 








DIAPHRAGM LIFE Mudsmidlal eater 
TESTING MACHINE 2 @yiRi ane. 





TEST MAGNETIC 
PROPERTIES 
OF YOUR STEELS 
l eee... aa ee! 
KNOW THE LIFE OF YOUR DIAPHRAGMS 

OR BELLOWS... 
The Life Testing Machine will enable 


you to keep checking and improving your 


elastic springs. 
4iietin ° 


u r allu ated bui } : 
Write For Information To 
TABER INSTRUMENT COMPANY = rrewr ENGINEERING LABORATORIES 


y Street North Tonawanda, N. Y 316 N. 22nd ST., PHILADELPHIA, PENNA. 





THE ONLY SINGLE BUTTON ELE‘* 
TRICAL RETURN FLUAMETER 
SIMPLEST AND MOST EFFICIENT 

Bulletin 504 


® es THREE DIFFERENT STYLES 
FY wit Portable Standard with single electrical zet 
return 
Thousands of vin 
| ney by u saaee ty) 














Switchboard Type with above zero featur 


business organizations are 5s 
located on flexible lead for bench operation 


sing the Vari-Typer the com 
er with changeable faces and 
tice machine reduces composition 


ts for statistical forms,  bré 


Two Button Pointer Shift in place of o1 
patented standard zero return at a lesser cos 
Acknowledged leaders in 
bulletins, catalogs, et Investi development of high sensitivity meters 


an RAWSON ELECTRICAL 
RALPH C. COXHEAD CORPORATION A oy 1 all pi Atego 
manufacturers of Vari-Typer Branch: !5 East 26th St., New York City 


333 Sixth Avenue 2 New York. N. Y. Representative: E. N. Webber 
'313 W. Randolph St., Chicago, III 
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CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis . 


Littelfuse Inc 4759 Ravenswood Ave., Chicago, |!!! 
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